Experimental and simulation study on the effect of friction in a Four-Point Bending Test (4PB) by Abdul Zarif, Abdul Malek
EXPERIMENTAL AND SIMULATION STUDY ON THE EFFECT OF FRICTION IN A 
FOUR-POINT BENDING TEST (4PB) 
 
 
 
 
ABDUL ZARIF BIN ABDUL MALEK 
 
 
 
 
Report submitted in partial fulfilment of the requirements  
for the award of Bachelor of Mechanical Engineering 
 
 
 
 
Faculty of Mechanical Engineering 
UNIVERSITI MALAYSIA PAHANG 
 
 
 
 
JUNE 2012
v 
 
ABSTRACT 
 
Finite element evaluation is one of the methods in predicting the strain value in sheet metal 
bending. Predicting the strain value is sometimes used in areas of plastic deformation, which is 
the integral of the ratio of the incremental change in length to the instantaneous length of a 
plastically deformed. This thesis aims to evaluate the reliability of finite element method by 
comparing the results with experimental results. The effect of parameters such as length of 
displacement after bend also has been studied. Abaqus software has been used to simulate the 
bending process and the mechanical properties provided from the Solidwork data will be used to 
run the simulation. In the four-point bending experiment, the test rig was clamped on Shimadzu 
machine and the mild steel sheets was assembled with strain gauge before bend process was run. 
Strain value being measured with Dasylab software. The results from the experiment and 
simulation is slightly different for value of strain, which the simulation shows the value of strain 
higher than strain value that was get from the experiment. For the free force four-point bending, 
value length displacement after bend almost the same on the simulation and experimental. Finite 
element method can be used to make comparison since the pattern of the graphs are nearly the 
same and percentages of error are below 10 %. The further study on parameters that effected 
bending process will make the finite element method is important in the future.  
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ABSTRAK 
 
Kaedah analisis simulasi merupakan salah satu kaedah untuk meramal nilai terikan dalam 
pembengkokan kepingan logam. Ramalan nilai terikan kadang-kadang digunakan dalam bidang 
ubah bentuk plastik, yang penting nisbah perubahan pertambahan panjang panjang ketika plastik 
cacat. Laporan ini bertujuan untuk menilai kebolehan kaedah simulasi dengan membandingkan 
keputusan simulasi dengan keputusan eksperimen. Kesan parameter seperti panjang anjakan 
selepas selekoh juga dikaji. Perisian Abaqus telah digunakan untuk mensimulasikan proses 
lenturan dan sifat-sifat mekanik yang disediakan dalam data perisian Solidwork akan digunakan 
untuk menjalankan simulasi. Dalam eksperimen lentur empat mata, rig ujian telah dikepit pada 
mesin Shimadzu dan kunci keluli lembut telah dipasang dengan tolok terikan sebelum proses 
lenturan dijalankan. Nilai terikan diukur dengan memggunakan perisian Dasylab. Hasil dari 
eksperimen dan simulasi adalah sedikit berbeza untuk nilai terikan, di mana simulasi 
menunjukkan nilai ketegangan yang lebih tinggi daripada nilai terikan yang telah didapati dari 
eksperimen. Untuk tenaga bebas empat mata lenturan, nilai anjakan panjang selepas selekoh 
yang hampir sama pada simulasi dan eksperimen. Kaedah simulasi boleh digunakan untuk 
membuat pembandingan kerana corak graf adalah hamper sama dan peratusan ralat di bawah 10 
%. Kajian lanjut mengenai parameter yang mempengaruhi proses pembengkokan adalah penting 
pada masa akan datang. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 BACKGROUND 
 
Steel, one of the vital materials used in the construction of roads, railways, other 
infrastructure, appliances, and buildings. Steel is used in a variety of other construction 
materials, such as bolts, nails, and screws. In this project, the effect of friction in four- point 
bending test study, be studied; and the mild steel was prepared as a workpiece. The four-
point bending test was conducted in order to determine the effect of friction on the mild 
steels workpiece on flexural strength. The experiment also conducted by using finite 
element application which to simulate the effect of friction on the mild steel workpiece with 
a different value of coefficient of friction. 
Four-point bending test is broadly used because it is suitable for testing large 
sample size of packages at similar loading condition (bending moments) between the inner 
load span regions. In contrast with other commonly used mechanical test methods such as 
tension, plane bending and torsion, four-point bending has its own advantages for 
characterizing the mechanical properties of materials.  
Firstly, it produces a uniform moment between the two inner loading rollers in the 
specimen which gives ascend to a uniform maximum tensile stress in the specimen surface. 
Secondly, no special sample gripping is required for the four-point bend test, which makes 
it possible to test brittle materials in tension and makes sample preparation rather simple 
since a specimen with a uniform rectangular cross-section is usually used in the test. 
Thirdly, sample mounting and dismounting are fairly straightforward in four-point bend, 
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which is particularly suitable for high temperature tests in which sample mounting and 
dismounting can be a non-trivial matter in bending test. 
Furthermore, using four-point bend a pure shear stress can be applied to a test piece 
by asymmetrically loading the specimen. Because of these advantages four-point bending 
can be a convenient test method for bending studies, especially for studying on the effect of 
friction since the specimen for four-point bend has a flat surface on which a uniform tensile 
stress is applied. 
 
1.2 PROBLEM STATEMENTS 
 
The three-point bending end-notched flexure (3ENF) and, more recently, four-point 
bend end-notched flexure (4ENF) tests are often used to determine the mode IIdelamination 
toughness, GIIc, of laminated composites. The 3ENF, as shown has been used more 
extensively, but the 4ENF, is gaining popularity due to the stable nature of crack advance. 
This allows for the determination of non-pre-cracked and pre-cracked toughness’s, as well 
as resistance curves, from each specimen tested. 
Bending test is to measure the strength of a material when a material is in force. The 
focus is where the point of material to start bending and to see and determine the friction 
effect on the material. Experimental and simulation result need to be compare. 
 
1.3 OBJECTIVES OF PROJECT 
 
The objectives of the project are as follows 
(i) To design and fabricate test rig for the four point bending test (4-PB). 
(ii) To establish experiment concentrates on the effect of friction in 4-PB test. 
(iii) To compare between the experiment and the stimulation by using FEM 
software. 
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1.4 SCOPE OF PROJECT 
 
Before performing the simulation, the structural modeling of the bending test-rig 
needs to be developed by using computer-aided design (CAD) software. The structure is 
modeled and then imported onto computer-aided engineering (CAE) software to mesh the 
test-rig and the specimens. The finite element modeling (FEM) processes were performed 
by using ABAQUS version 6.7. Thus, producing the result of stress, strain and 
displacement where it was used to analyze the critical area of the specimen. Finally the 
simulation took place and the result is used to compare with the experiment results. 
 
This research is focusing in: 
(i) To design and fabricate fixtures for four point bending test on Shimadzu 
Machine 
(ii) The tested material is mild steel. 
(iii) Experiment was conducted to validate of all input parameters. 
(iv) To conduct simulation using the finite element software like Abaqus, Algor or 
patran. 
(v) The effect of the known parameters was tested 
(vi) Similar test condition was used to compare the result 
 
1.5 OUTLINE OF REPORT 
 
Chapter 1 introduces the background, problem statement and the scopes of this study. 
Chapter 2 presents the literature study about material used, finite element method and 
optimization of the bending test. Chapter 3 discusses the methodology from designing until 
how to run the experiment, finite element modeling and the optimization technique. 
Chapter 4 discusses the results and analysis of the four-point bending test experiment, finite 
element analysis, modal analysis and optimization of the bending test. Chapter 5 presents 
the conclusion and recommendation of the future work. 
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1.6 RESEARCH FLOW 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.0: Research Flow 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
The purpose of this chapter is to provide information which related to the material 
used; mild steel, finite element analysis (FEA) and also about bending test. 
 
2.2 MILD STEEL 
 
Mild steel is a type of steel alloy that contains a high amount of carbon as a major 
element. An alloy is a mixture of metals and non-metals, designed to have specific 
properties. Alloys make it possible to compensate for the shortcomings of a pure metal by 
adding other elements. To get what mild steel is, one must know what the alloys that are 
combined to make steel are. 
 
Steel is any alloy of iron, consisting of 0.2% to 2.1% of carbon, as a hardening 
agent. Besides carbon, there are many metal elements that are a part of steel alloys. The 
elements other than iron and carbon, used in steel are chromium, manganese, tungsten and 
vanadium. All these elements along with carbon, act as hardening agents. That is, they 
prevent dislocations from occurring inside the iron crystals and prevent the lattice layers 
from sliding past each other. This is what makes steel harder than iron. Varying the 
amounts of these hardening agents creates different grades of steel. The ductility, hardness 
and mild steel tensile strength are a function of the amount of carbon and other hardening 
agents, present in the alloy. The amount of carbon is a deciding factor, which decides 
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hardness of the steel alloy. A steel alloy with a high carbon content is mild steel, which is in 
fact, much harder and stronger than iron. Though, increased carbon content increases the 
hardness of the steel alloy. 
 
2.2.1 Types of Mild Steel 
 
(a) 1018 Mild Steel 
 
Alloy 1018 is the most commonly available of the cold-rolled steels. It is generally 
available in round rod, square bar, and rectangle bar. It has a good combination of all of the 
typical traits of steel strength, some ductility, and comparative ease of machining. 
Chemically, it is very similar to A36 Hot Rolled steel, but the cold rolling process creates a 
better surface finish and better properties. 
 
Table 2.1: Properties of 1018 Mild (low-carbon) Steel  
 
Minimum Properties Ultimate Tensile 
Strength,psi 
63,800 
Yield Strength, psi 53,700 
Elongation 15.0% 
Rockwell Hardness B71 
Chemistry 
 
  
Iron (Fe) 98.81-99.26% 
Carbon (C) 0.18% 
Manganese (Mn) 0.6-0.9% 
Phosphorus (P) 0.04% max 
Sulfur (S) 0.05% max 
  
Source: http://www.onlinemetals.com/alloycat.cfm?alloy=1018 
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(b) A36 Mild Steel 
 
ASTM A36 steel is the most commonly available of the hot-rolled steels. It is 
generally available in round rod, square bar, rectangle bar, as well as steel shapes such as I-
Beams, H-beams, angles, and channels. The hot roll process means that the surface on this 
steel will be somewhat rough. Note that its yield strength is also significantly less than 1018 
this means that it will bend much more quickly than will 1018. Finally, machining this 
material is noticeably more difficult than 1018 steel, but the cost is usually significantly 
lower. 
 
Table 2.2: Properties of A36 Mild Steel 
 
Minimum Properties Ultimate Tensile 
Strength,psi 
58,000-79,800 
Yield Strength, psi 36,300 
Elongation 20.0% 
Chemistry 
 
  
Iron (Fe) 99% 
Carbon (C) 0.26% 
Manganese (Mn) 0.75% 
Copper (Cu) 0.2% 
Phosphorus (P) 0.04% max 
Sulfur (S) 0.05% max 
 
Source: http://www.onlinemetals.com/alloycat.cfm?alloy=A36 
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2.3 FINITE ELEMENT METHOD 
 
Finite element analysis (FEA) is one of CAE tools and has become humdrum in 
recent years. Numerical solutions to even very complicated stress problems can now be 
obtained routinely using FEA, and the method is so important that even preparatory 
treatments of Mechanics of Materials such as these projects should outline its principal 
features. The finite element method (FEM) (its practical application often known as FEA) 
is a numerical technique for verdict approximate solutions of partial differential equations 
(PDE) as well as integral equations. The solution approach is based either on eliminating 
the differential equation completely (steady state problems), or interpretation the PDE into 
an approximating system of ordinary differential equations, which are then numerically 
integrated using standard techniques such as Euler's method, Runge-Kutta. 
 
In solving partial differential equations, the primary challenge is to create an 
equation that approximates the equation to be studied, but is numerically stable, meaning 
that errors in the input and intermediate calculations do not accumulate and cause the 
resulting output to be meaningless. There are many ways of doing this, all with advantages 
and disadvantages. The finite element method is a good choice for solving partial 
differential equations over complicated domains (like cars and oil pipelines), when the 
domain changes (as during a solid state reaction with a moving boundary), when the 
desired precision varies over the entire domain, or when the solution lacks smoothness. For 
instance, in a frontal crash simulation it is possible to increase prediction accuracy in 
"important" areas like the front of the car and reduce it in its rear (thus reducing cost of the 
simulation). Another example would be in Numerical weather prediction, where it is more 
important to have accurate predictions over developing highly-nonlinear phenomena (such 
as tropical cyclones in the atmosphere, or eddies in the ocean) rather than relatively calm 
areas. 
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2.4 THEORY OF BENDING TESTS 
 
In engineering mechanics, bending (also known as flexure) characterizes the 
behavior of a slender structural element subjected to an external load applied 
perpendicularly to a longitudinal axis of the element. The structural element is assumed to 
be such that at least one of its dimensions is a small fraction, typically 1/10 or less, of the 
other two. When the length is considerably longer than the width and the thickness, the 
element is called a beam. A closet rod sagging under the weight of clothes on clothes 
hangers is an example of a beam experiencing bending. On the other hand, a shell is a 
structure of any geometric form where the length and the width are of the same order of 
magnitude but the thickness of the structure (known as the 'wall') is considerably smaller. A 
large diameter, but thin-walled, short tube supported at its ends and loaded laterally is an 
example of a shell experiencing bending. 
 
In the absence of a qualifier, the term bending is ambiguous because bending can 
occur locally in all objects. To make the usage of the term more precise, engineers refer to 
the bending of rods, the bending of beams, the bending of plates, the bending of shells, and 
so on. 
 
 
 
Figure 2.1: Bending of an I-beam 
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Typically the bend test measures ductility, the ability of a material to change form 
under pressure and keep that form permanently. In certain cases the bending test can 
determine tensile strength. When using the bend test for this purpose, testers examine 
which side of the material breaks first to see what type of strength the material has. It also 
lets them know what kinds of pressure it holds up against and what kinds it doesn't. 
Ductility describes how well a material, usually metal, can be stretched and keeps its new 
shape. Steel, for example, is highly ductile. If pressure is applied that stretches the steel into 
a new shape, it will keep this shape even after the pressure has been removed. This 
characteristic is referred to as ductility and is a desirable characteristic for metals and other 
building materials. 
 
To determine how ductile a material is, a bending test is used. Force is applied to a 
piece of the material at a specific angle and for a specific amount of time. The material is 
then bent to a certain diameter using force. After the bending test is over, the material is 
examined to see how well it held its shape once the pressure was removed, and whether or 
not the material cracked when pressure was applied. Bending tests are used for determining 
mechanical properties of unidirectional composite materials. Due to the important influence 
of shear effects in the displacements, great span-to-depth ratios are used in order to 
eliminate these effects.  
 
Four-point test configurations are used in order to obtain flexural strength and 
flexural modulus. The rotation of the cross sections in the deformation process leads to the 
contact zone between specimen and cylindrical supports changing in a three-point bending 
test. Furthermore, in a four-point bending test the contact between specimen and cylindrical 
loading noses also changes. 
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2.4.1 Flexural Strength 
 
Flexural strength, also known as modulus of rupture, bend strength, or fracture 
strength, a mechanical parameter for brittle material, is defined as a material's ability to 
resist deformation under load. The transverse bending test is most frequently employed, in 
which a rod specimen having either a circular or rectangular cross-section is bent until 
fracture using a three point flexural test technique. The flexural strength represents the 
highest stress experienced within the material at its moment of rupture. It is measured in 
terms of stress, here given the symbol σ. 
 
When an object formed of a single material, like a wooden beam or a steel rod, is 
bent (Figure 2.2), it experiences a range of stresses across its depth (Figure 2.3). At the 
edge of the object on the inside of the bend (concave face) the stress will be at its maximum 
compressive stress value. At the outside of the bend (convex face) the stress will be at its 
maximum tensile value. These inner and outer edges of the beam or rod are known as the 
'extreme fibers'. Most materials fail under tensile stress before they fail under compressive 
stress, so the maximum tensile stress value that can be sustained before the beam or rod 
fails is its flexural strength. 
 
 
 
Figure 2.2: Beam of material under bending. Extreme fibers at B (compression) and A 
(tension) 
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Figure 2.3: Stress distribution across beam 
 
2.4.1.1 Flexural Versus Tensile Strength 
 
The flexural strength would be the same as the tensile strength if the material was 
homogeneous. In fact, most materials have small or large defects in them which act to 
concentrate the stresses locally, effectively causing a localized weakness. When a material 
is bent only the extreme fibers are at the largest stress so, if those fibers are free from 
defects, the flexural strength will be controlled by the strength of those intact 'fibers'. 
However, if the same material was subjected to only tensile forces then all the fibers in the 
material are at the same stress and failure will initiate when the weakest fiber reaches its 
limiting tensile stress. Therefore it is common for flexural strengths to be higher than 
tensile strengths for the same material. Conversely, a homogeneous material with defects 
only on it surfaces (e.g. due to scratches) might have a higher tensile strength than flexural 
strength. If we don't take into account defects of any kind, it is clear that the material will 
fail under a bending force which is smaller than the corresponding tensile force. Both of 
these forces will induce the same failure stress, whose value depends on the strength of the 
material. 
 
 
 
13 
 
For a rectangular sample, the resulting stress under an axial force is given by the 
following formula: 
 
σ = 
???                                                                     (2.1) 
 
This stress is not the true stress, since the cross section of the sample is considered to be 
invariable (engineering stress). 
§  is the axial load (force) at the fracture point 
§ b is width 
§ d is thickness 
 
The resulting stress for a rectangular sample under a load in a three-point bending 
setup (Figure 2.4) is given by the formula below (see "Measuring flexural strength"). 
The equation of these two stresses (failure) yields: 
  
F = 
?????                                   (2.2) 
 
Usually, L (length of the support span) is much bigger than d, so the fraction 
???? is bigger 
than one. 
 
 
 
Figure 2.4: Beam under 3 point bending 
 
